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Abstract: Moisture-induced damage is widely known to cause multiple distresses that affect
the durability of constructed pavements and eventually lead to the costly maintenance of
pavement structures. The reliability and practicality of the assessment protocol to evaluate moisture
susceptibility of flexible pavements presents a dilemma within the asphalt community that arises
from the complexity and interrelation of moisture mechanisms in the asphalt–aggregate system.
Researchers worldwide are continuously trying to develop suitable evaluation methods to simulate
the combined destructive field-induced effects of moisture in the laboratory to help practitioners
identify and alleviate this complex problem. The main objective of this article is to provide insights
and highlight the challenges and opportunities of this important topic in order to extend and share
knowledge towards finding a realistic assessment protocol of moisture damage in the laboratory.
Two scenarios are proposed in this article: (1) a damage rate concept that accounts for the change of
mechanical property (e.g., indirect tensile strength) with respect to the conditioning time, and (2) the
establishment of a database using a surface free energy concept to help stakeholders select appropriate
asphalt–aggregate combinations without the need to run additional moisture susceptibility tests.
Keywords: asphalt pavement; moisture damage; damage rate; surface free energy

1. Outlook
The distresses related to moisture-induced damage still remain one of the most common but
complex issues of bituminous pavements [1,2]. Mixtures that are not properly designed or evaluated
against ever increasing traffic loading alongside the expected exposure to moisture in the field could
potentially affect the pavement durability that can lead to progressive degradation in the form of
several distresses, such as raveling, rutting, or cracking [3–5]. In service life, the bituminous pavement
is subjected to different environmental conditions combined with traffic loading, which both affect the
durability and life-cycle cost of the constructed structure. Displacement, detachment, spontaneous
emulsification, pore-pressure-induced damage, hydraulic scour, pH instability, and climatic conditions
are considered contributing mechanisms associated with moisture damage in the field [6,7]. So far,
the moisture damage of asphalt pavements is not well understood, as it is a complex phenomenon
that is affected by the physicochemical properties of the constituents forming the asphalt mixture.
In the design stage, the asphalt materials are usually characterized for the moisture effect at the macro
scale using compacted asphalt samples. Although the evaluation of compacted asphalt mixtures is
commonly used in the pavement engineering community, there are several problems still unsolved, and
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different perspectives should be considered towards this issue. During the mixture design, the asphalt
mixture must pass the tensile strength ratio (TSR) test to ensure the moisture susceptibility of the
designed mixture. As a supporting step, in turn, this perspective article is intended to highlight the
current issue of moisture damage evaluation and provide an overview of the opportunities to be
considered for future researches.
2. Challenges
Various, predominantly empirical, mechanical test methods to evaluate the moisture susceptibility
of asphalt mixtures have been developed and are discussed elsewhere [8]. The AASHTO T 283 test
method is frequently used by highway agencies worldwide for the sake of evaluation of moisture
damage of compacted asphalt concrete mixtures. Basically, in the T 283 test, the TSR, which is calculated
as the ratio of the indirect tensile strength (ITS) of conditioned specimens to that for dry specimens,
is used to determine the resistance of the asphalt mixture to moisture damage. A minimum TSR of
80% is usually used as a threshold to ensure that the mixture is moisture-resistant, while the mixture is
considered moisture-prone if the TSR is any lower. However, several concerns of this ratio have been
discussed [9,10]:

•

•

•

•
•

Does this value guarantee a satisfactory resistance to moisture damage in the long-term?
The current practice of the TSR concept is based on short-term aged samples, but the moisture
susceptibility is a concern throughout the service life of asphalt pavement.
What is the proper conditioning method to mimic the moisture damage in real life? Freeze–thaw is
used in AASHTO T 283, and the moisture induced stress tester (MIST) was introduced in recent
years. Can these methods, or some other method, better mimic real moisture damage?
As the unconditioned or dry compacted specimens are different from the conditioned or wet
specimens, does specimen-to-specimen variability affect the results? Even for the same mixture,
the prepared compacted samples would have different distributions of aggregate particles and/or
air voids, which affects the measured property. Therefore, the test still lacks repeatability, and its
accuracy is questionable.
Does the saturation level while conditioning affect the repeatability of the results?
Based on previous studies on the AASHTO T 283 test, a number of successful cases that pass in
the laboratory would fail in the field.

3. Opportunities
As for suggestions, two scenarios for the evaluation of moisture damage are discussed in this
article, the future studies may evaluate.
3.1. First Scenario
The moisture-induced damage of asphalt mixtures can be considered as a time-dependent damage
due to the combined effects of moisture and traffic loading. The mechanical property MP(t) at time
t is affected by the initial mechanical property MP(0) (i.e., dry specimen) and the induced damage
D(t) during conditioning. The progressive damage due to moisture and/or traffic loading can be
represented as
MP(t) = MP(0) − D (t).
(1)
Based on Equation (1), Figure 1 depicts a schematic of the mechanical property (such as ITS)
with respect to the time of conditioning. As examples, the figure compares possible trends of two
different mixes.
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Figure 1. Mechanical property as a function of conditioning time due to the effect of environmental
Figure 1. Mechanical
property as a function of conditioning time due to the effect of environmental
conditions
and traffic loading.
conditions and traffic loading.

This method should involve the conditioning and evaluation steps. In the conditioning step,
This method should involve the conditioning and evaluation steps. In the conditioning step,
realistic or field-like conditions should be adopted to induce reasonable effects of moisture and
realistic or field-like conditions should be adopted to induce reasonable effects of moisture and
traffic. In a recently published work [9], the authors suggested a conditioning procedure by exposing
traffic. In a recently published work [9], the authors suggested a conditioning procedure by exposing
compacted asphalt specimens to a temperature as high as the highest performance grading (PG) of the
compacted asphalt specimens to a temperature as high as the highest performance grading (PG) of
used asphalt binder, while the traffic loading was selected based on realistic effects from the literature
the used asphalt binder, while the traffic loading was selected based on realistic effects from the
to simulate the pressure of vehicle wheel on the wet surface. These effects were integrated into the
literature to simulate the pressure of vehicle wheel on the wet surface. These effects were integrated
proposed conditioning system in the laboratory. In regard to the evaluation, rather than using a single
into the proposed conditioning system in the laboratory. In regard to the evaluation, rather than
criterion (i.e., TSR), a model was developed to identify the time-dependent damage of the mixture
using a single criterion (i.e., TSR), a model was developed to identify the time-dependent damage of
using the damage rate Dr concept:
the mixture using the damage rate D concept:
ITSi − ITSi+1
Dr =
.
(2)
ITS
ITS
Ti+−
Ti
1−
.
D =
(2)
T damage
− T over time and determine how much the
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to time the
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themuch
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and moisture
susceptible
mixtures
in a rational manner, the concept necessitates the development of
a threshold to help quantitatively perform the judgment.
3.2. Second Scenario

3.2. Second
Scenario
The second
suggested scenario is beneficial to pavement contractors and can save more time.
Under
the
effects
of moisturescenario
and traffic,
the susceptibility
to moisture
damage
asphalt–aggregate
The second suggested
is beneficial
to pavement
contractors
and of
can
save more time.
systems
is
related
to
cohesive
failure
within
the
matrix
and/or
adhesive
failure
at
the
interface
between
Under the effects of moisture and traffic, the susceptibility to moisture damage of asphalt–aggregate
the
asphalt
binder
and
aggregate
(Figure
2).
systems is related to cohesive failure within the matrix and/or adhesive failure at the interface
between the asphalt binder and aggregate (Figure 2).
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Figure 2. Possible failures due to moisture damage and traffic loading.
Figure 2. Possible failures due to moisture damage and traffic loading.
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